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1 

[#ltfi!*©iSffl] 

©£ftCIgi&1-57*-v:*-£:W1 _ 57 , P-7iu h3E* 

miE3yii* 1 &©#£7P-7ft«t*< *:«>©# 
77^nt i&B3fe7WA*6©#S*»9fcfcfc3 

x iSBttftffl* 6©K 8 *©sl>& < t>-S 

ffiEtttHS* 6 ©ft^f© a *» v < k *)«iSm©^-fi£ 

• U fc**o*ftfcB:£r*#l&Cffi»CMM-S 2 

»m^tjt*7'n-^g. 20 
[■I** 3] 13137 ifrfBWtts miE&ffiSI* 1 6© 

aswi ■*© -5 ■& ©j»a«j5S#©# 5 iSMitja 7 

#*U*3te£*7*D-7«B. 
[11*814] mil3ia«3l3a7'f;>^[afi&ttv iS5$£3Ij8 
*» b*7HWjP*.^fc< fc«l&E**+*©tt** 

[KM 5] UB7^H»ltt, suiB^aig^e.© 

Bfcm*©^*©^*^©***^ 3<£«uiil7 30 

-f - ktwuttsii*! i ke«© 

#«u£:*;fc*7P-7gB. 

6 ] flMBffittail 7 -f [US&fciu ffittffil 
*» b3h7jl«Sc*s, '>*;< i:*ttT©**«lfcrci: 

Mo 

f leg (Xx fx) /r 

f lc:fi«jiil*?» h*7W*» 

X : Jt3E7*+^©*^«KI!J©j££iGH 

fx : gtE;i**^©JHKEI(Hl©Jlttft 40 

r : Bui37o-7©^e5^fg 

SB. 

EEBJR^fcJ:!), BtFE7-D-7"^«ia5©l/>X*itf7 

3IS#iM 1 KE*©#«tfSOfo£aE7 , o-7*«B. 
CW*S9] INBIMtiUl7<rJI'*HKtt£x ffifft*? 50 
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* ©ffl#£fe#*6*J*£ft*c: kfttt 

*fc1-5»*a3 tB3«©»^^a7 , D-7SBo 
1 0 ] fflEftt&BB 7 4 JU9 HE&tt, mi$& 

3 CE«©»ftua**S7-n-7TSB. 
1 1 ] fflBJWfflii? w ;]/* [HE&tts 

SiiSCfc*«f«i:t«ll*ffl3PIB«©ft«USl*jtSE 
7D-7SB. 

l 2 ) ttEAtft&i 7 << He8«\ &£&R 
3-b3 4 ^fc*»»Jg«Jlt?©fi#-&b-e-* &ffif£,£ft 

s c tttrnttzn *a 3 cia«©*«uswte6*7 , D 

-7SSEB. 

[SMSS 1 3 ] BuErS*&IiI 7 -f [IB&fciu 'Sift* 
^tay^v^fca^^k^MW****?©®*^*)* 

* &#fj5££ft5 c a im.tr zn&m 3 ce*©*** 

jSOte£*7 , n-7**B. 

CSt^fl 1 4 ] ttEffiJ&Ei 7 -y HBttx ' tttt* 
?*>'«ttFa >5 s >if©jl#£:;b'&* s feflSfiSSft* d k§ 
Wtfc"i-*lt*« 5 tI3tt©»^^*7D-7S 
B. 

[11*3115] ttBfl»«ra7<f**E!»tt% 

SISsfcH 5 CB«©#«Ui!l}fe**7"P--7*B. 
[1*^91 1 6 ] HuiBfi^fijS 7 -f EBSIiv SRSR 

$nS-kS ^Sti:1-S M^B 5 1 §3«©*M^^* 
7D-7SB. 

[it ^is 1 7 ] mii3ig«jija7 -f )vt> mmt, tssm 
z>zt*mLtt*nim 5 fcE*©#*usofe**?*P 

-7SB. 

[IfStcSl 8] miI3^£«^ilJi7^•;^^(l]K{±^ «in;« 

^^*7D-7SBo 

19] S9E7 -f ;u^SBii> S5Etftitlgi:*(f 
EH«fe<bSB©M, miE^tli§§rt> tJEH«fls«Brt> 

E«©««USOto£*7"D - 7"SB« 
[»HB©»«BJ6:»IH] 
[0 0 0.1] 

[»BI©JB-J-4tt«»»] **93tt««U*l3fc3fe*7 , n- 
J6CBb<tt3t*ft©«ftfi^©^-fX|»4» ' 

»t«fa©*5»«uiii*jta7 , a-7*3SBtHta. 

[0 0 0 2] 

[«^©ftffi] fEWt L/Tn «H¥9 - 2 3 0 2 4 

8^&mv:£uT, v-f ^Pti«inx#nfe^a©ft« 




3 

7 8 0 4#£«C*V^ rtSSS^y KfciS«bfe*S 
fe^ #H2 0 0 0-1 7 1 7 1 8^S$6> WtiOTtA 

[0 003] 

r-f ;t*lB*&©£lt**KS<#* ! ' ^fr*©**^ 
[0 0 0 4] £fes 8*tt«©J:5^ *tB»C*6« 
8^-*|*3rt-*©* , --*W'«**» b*U -©<£$ 

(DjKmvumkzaXR*; 4 * m&% 20 

[0 0 0 5] £2^ «*ft«©.fc$l^ *a»cJ;P* 

«^*»**-*©#-K«n?**. b#u -©e* 

[0 0 0 6] *4BB& ±BWIC«» , Cft**ifc*© 
T-it&Ss y-fX#'J>*<, S/N©AW 

-rsdfcSiW^btvss., 

[0 0 0 7] . 

MM***-*-* &»©**] *J6WOft*A*«*^ 
77^;tfc, fj[B*:7T^t*&©***t«N ;: **K* ■ 

iwiB*tJ^fr &©«&#©'>*<**"■* 

£A/D£»bTB«fl5-fS!!flMl3S»fc* fflfcfc*** 
[0 0 0 8] 50 
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[»«©£»©#»] ttT, OTI*#Iib«!*»6*«M 
©&M©jB»C-3^T«*S. 
[0 0 0 9] 0 1 b0 1 9 &#38W©£ 1 ©^&£© 

jj*1-flJJ5fcEk B3B:02©HPF©J38iS4$tt&^?" 

2<DK-pY(o%i<Dmm(Dmm*t®. 061*02 

©HPr©Jt20<E3WIO«**»1"R 07!±02© 
HPF©*3©«B«©IU**«tlB^ El 8 8:12 2 ©H 
PF©»4©WK«©llfi8ft^"J"BI» 09 {±02 ©HP 

f ©^ 5 ©«»«©«** aws* 0 1 0 (±0 2 © l p 

F©H*«M*tt*>5*1"BI, 01 lttH2©LPF©*l 
©#B0i©*J**j5*ra H.12ttH2©LPF©»2 
©««0S©*J**5**& 01 3ttH2©LPF©»3 
©Sy^©*!**^^ 01 4{±02©LPF©^4 
©J0B0I©*** nVi-BU 0 1 5 {±0 2 © L P F©£ 5 
(D$M9i<omJ$,***®> 01 6«.01©Xn-X©5fc 
«S!£^1-»fSi0s 01 7tt01 6©XP-X©*** 

^-©«a*s-rwBH» 01 8«0i 7©^*+^-©« 
jt$:^t-¥ffl0^ 01 9ti0i i <D7,^i-<omwmm. 
&^-r¥B0t?*s. 

[0 0 10] HltC7fN-f<fc-5fc- #*Mt©JKJB©ft^ 

fc, BuiB^^^>&I2a-rsSiJ»^S2i:, S5S37-D- 
nc**«nu «B^B-n*6©**«ft*a 
b-t«$m*c-r ► 3 ^ «ria**=— » 

K 3 * f> ©«»*»«©)■«»«»* * * 7 4 

0 |5B7-f;^*«5 0 1 *»*>©«& 

e^ftHflfcft-f zmmbmm 4 1> maH<wb«« 4 * 

&©«»*«*■*•**=* 5 i:, 
SS£«7-i: £h6^ »©*5*««BffC 

[0 0 11] Xo-Xltt, flr<HHa**bt«M« 
ytlbCJ:t)«»*lt2©3*^*l l*^bt**a 

[0 0 12] ^^3tts ftMtL-caV—Vy 

-fa—Nuns LDk»-r)i 5^ 

^• 7 ^a-X(eiTx PMTt«it)i-^M6t 4 

[0 0 1 3] Jfe^-f h 3Ci5V>TN 4Sg?*X7 8 
8, 4o©«SJ8a, 8b, 8c, 8dS^b, igSP8 
attJt77-<^l eC*»WC««**U 8bl±LD15t 

»«8hbJ:Dllll$tU *SP8 cJ±PMT^.^>> h 1 
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[0 0 14] LD 1 5Tf»4-J-4U— !f*tis SSSB8 
b, 4ffi?*^8s 4g358 a, 3*** 1 U 

c, 3*** 1 1, %77<(rtlh&t\sX7v 

[0 0 15] 7n— XlrtO^ + ^KT^jtU 
Hft*6ElttS&«*HU *7T-f/Ub» 3*** 10 
1 1, %77<{)\\ C 3*** 1 7, igg&8a, 4Sg 

PMTa-7 b 1 6-e*«***iT<fc«*** 
lis <g^*ll 6b, n***l 8, fi^SS5 0 la, * 
£tf3*** 5 0 4£rt-UT7>f ;V*gB5 0 l'sfisSS 

[0 0 16] Sf.tPMTa-s' h 1 6ft, **l&ffif& 
*-«E*r*i(2 1 i:, 1 a, 3*** 1 9, ft 

^16efttfl/t«SBWC««S*iT^*. 20 

[0 0 17] $!OT^g2 C^Ts Slffll|!E& 9 
M9 a£tf-LT3*** 1 3fc««SfiTV**. 
WfflliaSS9H:fll9-ja9 b£:frLT3*** 1 1 tm^tt 
fc»tt*nTV^S. -©$iJ»i]iiS9J±, 3***13*> 

C*l£*iflLT, {n-SS9b£rt-LT3*** 
1 1 fcHWJ-C*S«fc-5fcfe^T^S. 
[0 0 18] H«fls««4ttlB«fl3e**ffl«-*"**« 

3***2 4, 2 5, 2 6, 5 0 2£fiS;lTV> 
5. 3*** 2 4fctt«=*5]Wt*a4d*4H/T« 30 

[0 0 19] £&, jB«<b«*4tt3***2 6 % 11^ 

fcfc6*D»*«B£*tf**»*ny*«4«7ff« 

[0 0 2 0] B«WbK«4tt3***2 5 % «* 
@4 c:fc«ktf3***5 0 3«H/C**a=» h 3C 

®16eCJ:Dx PMTi-» M Srtov;^/?^ 

far*. 

[0 0 2 1] ■*<bttC4l& 3*** 5 0 

2, «*R5 0 1b, 3***5 0 5S*l/t7 4;U* 
36B5 0 14:«««JC»«*ixT*!>x 7^l/*gS5 

[0 0 2 2] 7-fMSI5 0 lttPMTa=i» h 1 6 
t. mm&l 6b, 3*** 1 8, ff«flft5 0 1 a, 3 
***5 0 4*^UT«ft«C»»*^ PMTaz 50 



S> h 1 6F ( 30v;V^7'7-r7^a-7't<toT3 l 6S^ 

;i/*SB5 0 l fc*^T % #£©jaWB0i&#©«*UB 
^©#£»j!£-e-T, 3*** 5 0 5, {§^5 0 1 
b, 3***5 0 2S^bT, H^b*B4^a**n 
5. 

[0 0 2 3] 7^^*855 0 1^ E2K:^ti5^ 
7-f;i/*EES5 0 6£WU 7 4^* HIS 5 0 6«:i§JS 

(WT, HPFfc»1-) 5 0 7, fintftfftt®M»ftA 
#£jIja£££<£JHfc3Ij87'r;i/* (WTs LPFi:* 
t) 5 0 8*>S>&S. 

[0 0 2 4] PMTi^^MBfrfifflS^iftli, 

£Oy-fX«**fflW-*3k»C» ft©«fc 
3t(s^«La^fT^. 7^X{I^©$g£?I£-3 

[0 0 2 5] $-f, PMTa=s» M QfrbOW^M^ 
BHPF5 0 7CJU7£*l3. HP F 5 0 7 ttffilniR 
U 3>7 r >-9-ClCJ;t)«fi£^^> PMTa=>H8 
fr&oaSWl*©-?^ H3Cwi"i'5fcift*SaBa*y 
b*-7fl«R 3 dB=«*«-Cfc 

[0 0 2 6] 

fhc=l/ (2ttR1C1) (1) 

7,*^^-©<S^«lil»»* s 4Hz©^, tt* 
a«*9»b*7»««fhcH:4HattT 1 H 

z) £&5«fc5fc, *ft^*+^-©fia«««»<l I 2 0 
HzC«^, ]«taai*9'b*7lB«Rfhctt2 0Hz 
JjlT (t«*tf 1 0Hz) fc&SiS C % #*ffiffiRU 
3 >?*:/t>-Cl©<i#fc£Sft£. 
[0 0 2 7] #C, lasi^ta*? b:*7ji®&fhcfcEB 

&&© 7*u - 7* i tm&t 5 c «t * Bifi**^ -< 

X*«tJ«JWI* (04 (a) #RR) HPF5 0 

7fc:iDii^«'7'fx<£fss5A$n'Cs Eg*ra*>&© 

S^f^S#<$tr22aifi£^©fi^4 s aiH$n5 (04 
(b) . 

[0 0 2 8] ft*5, H2C*^Tx HP F 5 0 7l±JS£i 
at, ffi^n;Ri:3^';^LT•«J5EUT^)MV^. fe«u - 

Hi. 

[0 0 2 9] fhc=R/27TL (2) 
^fe, B2C*5tfSHPF 5 0 7&, H6©J:-5C2 
ft, &SV>ttl2^L&^#*ftW±©£©©7 4;i/*i: 
tT*SV^„ 05©^J5ES2ft, *S^tt* 



( 5 ) 
7 

[0 0 3 0] itzs p>x>1*\ n-f/i^ogn 
*?fc«k&74;u*fc«JSfcHttfct>£> 07©<fc-5 

[0 0 3 1] Sfe, 07 '£tQtZ,-imt3> ; r>V& 
H8 0«C2», *5^ttHwUfcv^*ii6Lt©# 10 
!§!©:7'f;i'*i:bTt>.ftv> <> fc^A,, ffiStfcai'?*^ 

[0 0 3 2] 3&fc, H7i:BI8Stt£*T» 09©«fc 
■5fcffi»©^7'>7 , ti5#* (09©*§£&5&) 
OT^ir-f r/7-f;i/*i: l/t*A^. ^^^^ 07jsb 
&V>#02, 5, 6, 7, 8, 9 ©*&&•&*>£ £<t^>T 
#*6ft3 7-f;i/4\ &£>Ofci:€©ffeffl*?£^£#l 

[0 0 3 3] Sfe, 02, 5, 6, 7, 8, 9£SW± 20 

fspl=fxx (2X/r) = (2x 
-tf->7'U>^©5£3Ifc«fc!K j®^-fbSS4^©tii*^ 
fspl/2 ttTC(S«3Bl*s'h*7jB«»ftKS-i-* 

f lc^f spl/2 = .(Xxf x) /r 

nu *EHBIMIIJi!»ft f x# 5 0 0 H z % #3W«lK 30 
WO. 5jj.m®m&, 5£ (5) &MMj&*y V* 
7jl«E8Ef lc#l O0kHzWTi:ftS«fc-5fc, £ 

(2) ©ffitrCR2 > 3>7 ; >^C2©<fi* s ^^tlS. 

[0 0 3 8] ^if***^©^*©!!**! 0 0 

Mm, jg»IElMWl&&fx#3kHz, %*mm®Mifi 
0. 5/zm©»^ A (4) ±0, fi«*lft*v>*7 
JHft^f lc*s6 0 0kHzWTi:«:SJ:5l-x S (2) 
©J££t;R2, 3>7=>-y-C2©«4 s ^^ti2). 

[0 0 3 9] ±a>©LPF508C«k?K 0fl;S.f£7*+-2-©iS 

[0 0 4 0] &4b\ 0 2 LP F 5 0 8 ttffitni 

R2x nVT^I^ffl^-t-S^ftTO**^ 011© 

C©B#©ffi«ail*v h^7ji«f lcfciu ttT©i7 

[0 0 4 1] f 1c=R/2ttL (6) 
H3C43H-3LPF 5 0 81, HI 2© J: -5 1 2 
* % fe*V>(±ia^U«t^* J ^tt±©^©7 -f t 
LTfcfi^. H 1 1 ©»«* 2 i&S^fcfc 50 
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[0 0 3 4]*Cx HP F 5 0 7 2) > £>^i^;fr£;J^?>{li•?■ 
fcj^ L P F 5 0 8 KA^ftSo L P F 5 0 8 liv 0 

«3KlAyb*7jil«»flcttN ttTCJUHStiS. 
[0 0 3 5] 

f lc= 1/ (27TR2C2) (3) 

t-d-7 1 rt©**+^©*aSMWI©**l6H 

BI«fl3*«4l?A/DaailyTBiftfl3t-4ISx 7,^^^ 
©Jftj£ffi«rtH!l4 I lttai"5IHfc<fcS4*^Ili*»tt% 'J> 

tt^*+^©*aBBW8»«»f x© 1 Jflffl©nic££ 
ZtlZmm*. j££«EHXfca«-r5©T'2{gi:&5fc 
i&-C»S. «toT, Hftft««4Tf©A/Da»©*V 

7" >j > ^jsaas f spit*, 7 ^©ss&fflf&ffija* 1 a 
jg&ftfxs^g-ffifcmv©^ eiT©i-5ttt*. 

[0 0 3 6] 



Xx fx) /r 
T©i-5t*S, 
[0 0 3 7] 



(4) 



(5) 

[0 0 4 2] £fc> tt&U 3>f;i4f©S» 
*?CJ:t)7-f^ft«J«-r*fttJ!3C. 013©J:-5 

Mhlt*^. fc*>3A^ Jfittfcni'y^©^ 

[0 0 4 3] t1t> 01 3tiD^.Tv ffito;i:r3>7 ; >-9- 
^01 4(DjL?l£2#.. fe5VA»±0^b^l>* s *ntl.± 
©#^©7^ ^ilbTfeSV^o **>5^ i&tfit.^> 

^^©ftfctic, 0^b%v%*sffijn;i:=i-Y;i/hb-rt) 

[0 0 4 4] 01 3h01 4^ffl-&*T, 01 

5©iata»©^7'>7t:«fcS#* (015©lg^- 
tt5»:) ©7'77 i -<77'f;i/*i:bT4>&0„ 
^ 0^b&^A J 02, 11, 12, 13, 1 4, 1 5 
©«!»•&*?■& ti o T#^&ixS 7 -f $.SV^{±^■ 

[0 0 45] 02, 11, 12, 13, 14, 1 
5 % % ^&*h ?>©«a^-&t)-B-C J: o T^m^tlS 7 rf 
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[0 0 46] XD-7" 1 ©ftigSB 2 0 0 Cr^T 
HI 6&HLEI1 9S#^Utitti§1-2). 

[0 0 4 7] yv-ZKDtt-M&iMt, mis£*t£ 
Ra#£tfta££ftTV^. XD-71©M!!lli, 
fa-72 2 4i:, *©f^Ktfi«>$>ftk3.i';ww:7\ 

2 2 5fcJ;o-t«B£SftTi^. 3^;i/;W72 
25®rta5tCtt, %77<[K2 1 7i:, S^-^2 10 

1 8fctf&oT^.S. &JgS5C», 3^;WWXit&2 

2 6#fc$, 3-f;WW 7*2 2 5©SfcJgS!#}gS£*Vt: 
Vi S. 3-fWW7Jt»2 2 6 ©[*]«*, H©Si 

fe, ;i/^-f 7i»2 2 6 Cli^ bVW 72 2 74 s 
mtgZtlXfi*), 9 L a-X2 2 4«, HOi^C^t 
£§2 2 8£«fc^>T, ClixfcfcBSSixT^S. 

[0 0 4 8] x^^-yif^v-zz 2©«>t, «ffc£ 

&t±&&-f£>. ^^ = >^7-2 3 2li, l2©<fc-5 
CA;^7^2 4 0, U>X2 3 7£:frbTEI©ffiE 20 
fcffigSftTfc!), E&2 3 3, S&2 3 4, 7U^> 
7)VWfcZ 3 5, «*Mr— 7>2 1 8**tfflMH*l a 

nrv^«. «§W-X;i/2 l 8*»e>7i/*S'7> 
««2 5 5^®t>S«SS©S«Stts E©«t5tffiSf- 
a-72 3 6T-®:b*V£V->?>. 
[0 04 9] ^-^5 5-2 3 2B, 

-^7^2 3 1, HRBt2 30, *77<fM2 17© 
5fc4Sg|5S:@SWK:«Sf-r5 7x;i/-;i/2 2 9C@££ft 

feSU ^^r>^?7-2 3 2t, 3lS7r 30 
<iA2 1 7 £-#.(®K.mm2h : T-/Wt#.%*t 7i* 

-;u2 2 9©$feSgfcl> SMtf, fer*»CI»M* , *^T 

[0 0 5 0] £&, 1^X2 3 7(tU>X#2 3 8KI& 
»BI«*ixT*5x HHS2 3 9£:frL-£?7-£2 3 

;H X2 2 7£4->@££*vO'>5. 1/>X#2 

3 81*^ W72 2 7fcfe@£3ixT^S. HPHW 
2 3 9li, El 16 (b) fcjjVJ-.fc'Sfc* Bfffl«A-AC 

w-«rii*ai:*o"tu*. 40 

[0 0 5 1] V>X2 3 7tt, fp<&S5fljE£ ^7 

-mm® 2 4 5 aw & 5 , 

[0 0 5 2] $fc«S#A-2.4 lft, HPB12 4 2£?>L 
tV>X#2 3 8CiS?Jlt*5, S&fcftflWt-' 
2 4 1 It, #-f hVW X 2 2 7 K fe«*H«3iVCH 
*. 3fe«*^-2 4 lfctts *^-^7^24 0i j a^ 
SftT^*. **W-7>2 1 8Ktt, «*» 

1 aft^UTW»ii»2 0GNDC»«**lT^*GN 
DiH#fc!), uCGND)Si:> Xd-X 1 ©#i835£$ 

jEKt-*««tt03w;w«'r X2 2 5, 3#;w7jta 50 
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2 2 6, 7U*is7)im2 3S, «t£2 3 4, Mm* 
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CONFOCAL LIGHT SCANNING PROBE APPARATUS 
Japanese Unexamined Patent No. 2002-277743 
Laid-open on: September 25, 2002 
Application No. 2001-76696 
Filed on: March 16, 2001 
Inventor: Atsushi OKAWA 
Applicant: Olympus Optical Co., Ltd. 
Patent attorney: Susumu ITO 

SPECIFICATION 

[TITLE OF THE INVENTION] Confocal Light Scanning Probe 
Apparatus 
[ABSTRACT] 

[Theme] To provide a sharp observed image having less noise 
and good S/N. 

[Solving means] The confocal light scanning probe apparatus 

1 includes: the probe 1 having a scanner; the control apparatus 

2 for driving the scan; the optical unit 3 for supplying light 
to the probe 1 to detect an optical image from the probe 1 to 
provide an electric signal; the filter apparatus 501 for 
passing through only a particular frequency component of a 
signal from the optical unit 3; an imaging apparatus 4 for 
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imaging an electric signal from the filter apparatus 501; the 
monitor 5 for displaying a video from the imaging apparatus 
4; and the external clock generator 7 for generating a clock 
that is a reference of a driving waveform for driving the 
scanner. 

[WHAT IS CLAIMED IS;] 

[Claim 1] A confocal light scanning probe apparatus, 
comprising: a probe having a scanner driven in one direction 
while being driven in the other direction; a control apparatus 
for driving the scanner; a light source for emitting light to 
a to-be-examined section; an optical fiber for guiding the 
light from the light source to the probe tip end; a focusing 
means for focusing the light from the optical fiber to the 
to-be-examined section to collect the light from the to- 
be-examined section on the end face of the optical fiber; 
a separation means for separating at least a part of the 
returning light from the to-be-examined section from the light 
path of the light from the light source; a detector for 
detecting the separated light; an imaging apparatus for 
subjecting the signal from the detector to A/D conversion to 
image the signal; and a monitor for displaying an image, 
wherein the confocal light scanning probe apparatus comprises 
a filter apparatus for removing, from the signal from the 
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detector, at least a substantial direct current signal 
component . 

[Claim 2] A confocal light scanning probe apparatus according 
to Claim 1, wherein the scanner is a two dimensional scanner 
that is driven in one direction with high-speed driving and 
that is driven in a direction orthogonal thereto with a low 
speed. 

[Claim 3] A confocal light scanning probe apparatus according 
to Claim 1, wherein the filter apparatus has a high-pass filter 
circuit for passing therethrough only a high frequency 
component of the electric signal from the detector. 

[Claim 4] A confocal light scanning probe apparatus according 
to Claim 3, wherein the high-pass filter circuit has a high-pass 
cutoff frequency that is at least equal to or lower than a low 
speed side driving frequency of the scanner. 

[Claim 5] A confocal light scanning probe apparatus according 
to Claim 1, wherein the filter apparatus has a low-pass filter 
circuit for passing therethrough only a low frequency component 
of the electric signal from the detector. 

[Claim 6] A confocal light scanning probe apparatus according 
to Claim 5, wherein the low-pass filter circuit has a low- 
pass cutoff frequency that at least satisfies the formula shown 
below. 
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detector, at least a substantial direct current signal 
component . 

[Claim 2] A confocal light scanning probe apparatus according 
to Claim 1, wherein the scanner is a two dimensional scanner 
that is driven in one direction with high-speed driving and 
that is driven in a direction orthogonal thereto with a low 
speed. 

[Claim 3] A confocal light scanning probe apparatus according 
to Claim 1, wherein the filter apparatus has a high-pass filter 
circuit for passing therethrough only a high frequency 
component of the electric signal from the detector. 
[Claim 4] A confocal light scanning probe apparatus according 
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of the electric signal from the detector. 

[Claim 6] A confocal light scanning probe apparatus according 
to Claim 5, wherein the low-pass filter circuit has a low- 
pass cutoff frequency that at least satisfies the formula shown 
below. 
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flc < (X x fx)/r 
wherein: 

flc: low-pass cutoff frequency, 

X: scanning range at the high-speed driving side of the scanner, 
fx: frequency at the high-speed driving side of the scanner, 
and 

r: optical resolution of the probe. 

[Claim 7] A confocal light scanning probe apparatus according 
to Claim 1, wherein the scanner has a two dimensional scanning 
micro machine mirror provided by a semiconductor process. 

[Claim 8] A confocal light scanning probe apparatus according 
to Claim 1, wherein the scanner uses at least two or more 
piezoelectric elements to scan the lens and the fiber end 
section of the probe tip end section in a two dimensional and 
integral manner. 

[Claim 9] A confocal light scanning probe apparatus according 
to Claim 3, wherein the high-pass filter circuit is structured 
by the combination of a resistance element and a capacitor. 

[Claim 10] A confocal light scanning probe apparatus according 
to Claim 3, wherein the high-pass filter circuit is structured 
by the combination of a resistance element and a coil. 

[Claim 11] A confocal light scanning probe apparatus according 
to Claim 3, wherein the high-pass filter circuit is structured 
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by the combination of a resistance element, a capacitor, and 
a semiconductor amplification element. 

[Claim 12] A confocal light scanning probe apparatus according 
to Claim 3, wherein the high-pass filter circuit is structured 
by the combination of a resistance element, a coil, and a 
semiconductor amplification element. 

[Claim 13] A confocal light scanning probe apparatus according 
to Claim 3, wherein the high-pass filter circuit is structured 
by the combination of a resistance element, a capacitor, a coil, 
and a semiconductor amplification element. 

[Claim 14] A confocal light scanning probe apparatus according 
to Claim 5, wherein the low-pass filter circuit is structured 
by the combination of a resistance element and a capacitor. 
[Claim 15] A confocal light scanning probe apparatus according 
to Claim 5, wherein the low-pass filter circuit is structured 
by the combination of a resistance element and a coil. 
[Claim 16] A confocal light scanning probe apparatus according 
to Claim 5, wherein the low-pass filter circuit is structured 
by the combination of a resistance element, a capacitor, and 
a semiconductor amplification element. 

[Claim 17] A confocal light scanning probe apparatus according 
to Claim 5, wherein the low-pass filter circuit is structured 
by the combination of a resistance element, a coil, and a 
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semiconductor amplification element. 

[Claim 18] A confocal light scanning probe apparatus according 
to Claim 5, wherein the low-pass filter circuit is structured 
by the combination of a resistance element, a capacitor, a coil, 
and a semiconductor amplification element. 

[Claim 19] A confocal light scanning probe apparatus according 
to Claim 1, wherein the filter apparatus is provided at any 
position between the detector and the imaging apparatus, a 
position in the detector, a position in the imaging apparatus, 
or a position in an apparatus provided by integrating the 
detector with the imaging apparatus. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to a 
confocal light scanning probe apparatus. More particularly, 
the present invention relates to a confocal light scanning 
probe apparatus characterized by a noise removal part of an 
electric signal of an optical image. 

[0002] 

[Prior Arts] Japanese Unexamined Patent Publication No. 
Hei-9-230248 discloses a conventional technique of a micro 
machined small confocal microscope. Japanese Unexamined 
Patent Publication No. Hei-3-87804 also discloses a small 
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confocal microscope system mounted in an endoscope head. 
Japanese Unexamined Patent Publication No. 2000-171718 also 
discloses a confocal light scanning apparatus that subjects 
a detected signal to imaging by A/D conversion so that the pixel 
calculation is carried out to provide an outline highlight or 
the like. 
[0003] 

[Problems to be Solved by the Invention] When a conventional 
technique is used to observe the cell or the like of a living 
organism, reflected light and/or scattered light from a 
constituent fixed reflecting mirror and/or fiber end face is 
added as direct current component noise of the light signal 
to the observed signal. This may cause the originally required 
observed signal to be buried in the direct current component 
noise, wherein there is a possibility that the signal cannot 
be observed. 

[0004] The conventional technique also requires a light signal 
detected by a detector to be converted to an electric signal 
that needs to be subjected to A/D conversion when being imaged 
by an imaging apparatus. Thus, it is common that a low-pass 
filter is used to remove a high frequency component from the 
electric signal from the detector. However, when this low- 
pass filter has a cutoff frequency close to the sampling 
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frequency for A/D conversion, then a high frequency noise such 
as high frequency noise of a driving frequency of a scanner 
may be mixed into an image to cause the image quality to be 
deteriorated. 

[0005] When the light signal detected by the detector is 
converted to an electric signal and the converted signal is 
imaged by an imaging apparatus as in the conventional technique, 
A/D conversion is required. Thus, it is common to use a low-pass 
filter beforehand to remove a high frequency component from 
an electric signal from the detector. However, when this 
low-pass filter has a cutoff frequency close to a sampling 
frequency for A/D conversion according to the sampling theorem, 
a higher harmonic component of a driving frequency of a scanner 
may be mixed into an image to cause noise. 

[0006] The present invention was made in view of the above. 
The object of the present invention is to provide a confocal 
light scanning probe apparatus that has reduced noise, that 
has good S/N, and that can provide a sharp image to be observed. 

[0007] 

[Means for Solving the Problems] The confocal light scanning 
probe apparatus of the present invention is structured to 
include: a probe having a scanner driven in one direction while 
being driven in the other direction; a control apparatus for 
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driving the scanner; a light source for emitting light to a 
to-be-examined section; an optical fiber for guiding the light 
from the light source to the probe tip end; a focusing means 
for focusing the light from the optical fiber to the to- 
be-examined section to collect the light from the to-be- 
examined section on the end face of the optical fiber; a 
separation means for separating at least a part of the returning 
light from the to-be-examined section from the light path of 
the light from the light source; a detector for detecting the 
separated light; an imaging apparatus for subjecting the signal 
from the detector to A/D conversion to image the signal; and 
a monitor for displaying an image, wherein the confocal light 
scanning probe apparatus has a filter apparatus for removing, 
from the signal from the detector, at least a substantial direct 
current signal component. 
[0008] 

[Preferred Embodiment] Hereinafter, embodiments of the 
present invention will be described with reference to the 
drawings. 

[0009] Fig. 1 to Fig. 19 relate to the first embodiment of the 
present invention. Fig. 1 is a block diagram illustrating the 
structure of a confocal light scanning probe apparatus. Fig. 
2 shows the structure of the filter apparatus of Fig. 1. Fig. 
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3 shows the frequency characteristic of HPF of Fig. 2. Fig. 

4 explains the operation of HPF of Fig. 2. Fig. 5 shows the 
structure of the first modification example of HPF of Fig. 2. 
Fig. 6 shows the structure of the second modification example 
of HPF of Fig. 2. Fig. 7 shows the structure of the third 
modification example of HPF of Fig. 2. Fig. 8 shows the 
structure of the fourth modification example of HPF of Fig. 
2. Fig. 9 shows the structure of the fifth modification example 
of HPF of Fig. 2. Fig. 10 shows the frequency characteristic 
of LPF of Fig. 2. Fig. 11 shows the structure of the first 
modification example of LPF of Fig. 2. Fig. 12 shows the 
structure of the second modification example of LPF of Fig. 
2. Fig. 13 shows the structure of the third modification example 
of LPF of Fig. 2. Fig. 14 shows the structure of the fourth 
modification example of LPF of Fig. 2. Fig. 15 shows the 
structure of the fifth modification example of LPF of Fig. 2. 
Fig. 16 is a cross-sectional view illustrating the tip end 
section of the probe of Fig. 1. Fig. 17 is a cross-sectional 
view illustrating the structure of the probe of Fig. 16. Fig. 
18 is a plain view illustrating the structure of the scanner 
of Fig. 17. Fig. 19 is a plain view illustrating the detailed 
structure of the scanner of Fig. 17. 

[0010] As shown in Fig. 1, the confocal light scanning probe 
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apparatus 1 of the present embodiment includes: the probe 1 
having a scanner; the control apparatus 2 for driving the scan; 
the optical unit 3 for supplying light to the probe 1 to detect 
an optical image from the probe 1 to provide an electric signal; 
the filter apparatus 501 for passing through only a particular 
frequency component of a signal from the optical unit 3; an 
imaging apparatus 4 for imaging an electric signal from the 
filter apparatus 501; the monitor 5 for displaying a video from 
the imaging apparatus 4; and the external clock generator 7 
for generating a clock that is a reference of a driving waveform 
for driving the scanner. These are connected and related as 
described below. 

[0011] The probe 1 is connected via the signal line la with 
the control apparatus 2 electrically and detachably. The probe 

I is also connected by the optical fiber lb via the connector 

II of the control apparatus 2 to the connector 17 of the optical 
unit 3 optically and detachably. 

[0012] The optical unit 3 consists of: the laser diode 
(hereinafter referred to as LD) . 15 as a light source; the 
photo-multi briar tube (hereinafter referred to as PMT) unit 
16; and the 4-terminal coupler 8. 

[0013] In the structure of the optical unit 3, the 4-terminal 
coupler 8 has four end sections 8a, 8b, 8c, and 8d. The end 
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section 8a is optically connected to the optical fiber lc. The 
end section 8b is optically connected to the LD 15. The end 
section 8d is terminated by the optical fiber terminate 8h. 
The end section 8c is optically connected to the PMT unit 16. 
Light passing through the end sections 8a and 8d is respectively 
diverged and is transmitted to the end sections 8b and 8c. 
Conversely, light passing through the end section 8b and 8c 
is respectively diverged and is transmitted to the end sections 
8a and 8d. 

[0014] The laser light generated in the LD 15 is transmitted, 
via the end section 8b, the 4-terminal coupler 8, the end 
section 8a, the connector 11, the optical fiber lc, the 
connector 11, and the optical fiber lb, to the probe 1. Then, 
an object to be observed is subjected to the light scanning 
by the scanner (described later) in the probe 1 in a two 
dimensional manner (directions X and Y) . 

[0015] The object to be observed scanned by the scanner in the 
probe 1 reflects a light signal. The light signal is transmitted, 
via the optical fiber lb, the connector 11, the optical fiber 
lc, the connector 17, the end section 8a, the 4-terminal coupler 
8, and the end section 8c, to the PMT unit 16. In the PMT unit 
16, the light signal is photoelectrically converted to an 
electric signal. The electric signal having been 
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photoelectrically converted by the PMT unit 16 is transmitted, 
via the signal line 16b, the connector 18, the signal line 501a, 
and the connector 504, to the filter apparatus 501. 
[0016] Furthermore, the PMT unit 16 is electrically connected 
with the driving power source 21 for driving it via the signal 
line 21a, the connector 19, and the signal line 16c. 
[0017] In the control apparatus 2, the control circuit 9 is 
connected via the signal line 9a to the connector 13. The 
control circuit 9 is also electrically connected via the signal 
line 9b to the connector 11. This control circuit 9 acquires 
a scanner driving signal inputted from the connector 13 via 
the signal line 9a. Then, the control circuit 9 amplifies the 
signal to output via the signal line 9b to the connector 11. 
[0018] The imaging apparatus 4 is an apparatus for generating 
an imaging signal and includes the connectors 24, 25, 26, and 
502. The connector 24 is electrically connected with the 
monitor 5 via the signal line 4d. 

[0019] The imaging apparatus 4 is also electrically connected 
via the connector 26, the signal line 4b, and the connector 
13 to the control apparatus 2. The connector 2 6 of the imaging 
apparatus 4 is electrically connected, via the signal line 4e, 
the external clock generator 7 for generating a clock as a 
reference of a driving waveform for driving the scanner. 



-13- 




[0020] The imaging apparatus 4 is also electrically connected 
via the connector 25, the signal line 4c, and the connector 
503 to the optical unit 3 so that the former and the latter 
can have mutual transmission. The signal line 16e is used to 
transmit from the imaging apparatus 4 a signal for controlling 
the sensitivity of the multi briar tube in the PMT unit 16. 
[0021] Furthermore, the imaging apparatus 4 is electrically 
connected via the connector 502, the signal line 501b, and the 
connector 505 to the filter apparatus 501 so as to be inputted 
with a signal outputted from the filter apparatus 501. 
[0022] The filter apparatus 501 is electrically connected via 
the PMT unit 16, the signal line 16b, the connector 18, the 
signal line 501a, and the connector 504 so that an electric 
signal photoelectrically converted by the multi briar tube in 
the PMT unit 16 is inputted to the filter apparatus 501. The 
filter apparatus 501 only passes through an electric signal 
of a particular frequency component to allow the electric 
signal to be outputted via the connector 505, the signal line 
501b, and the connector 502 to the imaging apparatus 4. 
[0023] The filter apparatus 501 has the filter circuit 506 as 
shown in Fig. 2. The filter circuit 506 consists of: the high 
frequency pass filter for passing through the frequency 
component of a high frequency bandwidth (hereinafter referred 
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to as HPF) 507 and the low frequency pass filter for passing 
the frequency component of a low frequency bandwidth 
(hereinafter referred to as LPF) 508. 

[0024] An electric signal from the PMT unit 16 includes not 
only an image signal of an object to be observed obtained by 
the probe 1 but also a noise signal generated by an optical 
system such as scanner. In order to reduce this noise signal, 
signal processing as shown below is performed. A source of the 
noise signal will be described later. 

[0025] First, an electric signal from the PMT unit 16 is 
inputted to the HPF 507. The HPF 507 is composed of the 
resistance Rl and the capacitor CI. The HPF 507 has a frequency 
characteristic in which, among the electric signals from the 
PMT unit 16, a signal having a frequency component lower than 
the high-pass cutoff frequency (frequency at which the gain 
of the electric signal is -3dB (about half) ) fhc is attenuated, 
as shown in Fig. 3. The high-pass cutoff frequency fhc is 
calculated as shown below. 

[0026] 

fhc = 1/(2tcR1C1) (1) 

For example, the values of the resistance Rl and the capacitor 
CI are respectively determined so that the high-pass cutoff 
frequency fhc is 4Hzh or less (for example, 1Hz) when the 
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scanner has a low speed side frequency of 4Hz and the high-pass 
cutoff frequency fhc is 20Hz or less (for example, 10Hz) when 
the scanner has a low speed side frequency of 20Hz. 
[0027] In particular, when the high-pass cutoff frequency fhc 
is as close to zero (direct current) as possible, then the HPF 
507 removes from the electric signal including a direct current 
component noise by an optical system composing the probe 1 
(described later) (see Fig. 4(a)) a direct current component 
noise as shown in Fig. 4 and a signal of an alternate current 
component including a great amount of electric signals from 
the object to be observed is extracted (see Fig. 4(b)). 
[0028] Although Fig. 2 shows the HPF 507 only composed of the 
resistance Rl and the capacitor CI, the HPF 507 also may be 
composed of the resistance R and the coil L as shown in Fig. 
5. In this case, the high-pass cutoff frequency fhc is as shown 
below. 

[0029] fhc = R/27CL (2) 

The HPF 507 in Fig. 2 also may be a two-stage filter as shown 
in Fig. 6 or a multistage filter (not shown) having two or more 
stages. The structure of Fig. 5 also may be a multistage filter 
having two or more stages. The HPF 507 also may be a multistage 
filter (not shown) composed of a resistance, a capacitor, a 
resistance, and a coil. 
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[0030] Instead of a filter composed of passive elements such 
as resistance, capacitor and coil, an active filter as shown 
in Fig. 7 using an active element such as an operational 
amplifier also may be used. As a matter of course, a resistance 
and coil (not shown) may be used instead of a resistance and 
capacitor. 

[0031] In addition to the structure of Fig. 7, a resistance 
and capacitor also may be used to provide a two-stage filter 
as shown in Fig. 8 or a multistage filter having two or more 
stages (not shown) . As a matter of course, a resistance and 
coil (not shown) also may be used instead of a resistance and 
capacitor. 

[0032] Furthermore, the structure of Fig. 7 and that of Fig. 
8 also may be combined to provide a multi-stage active filter 
composed of a plurality of operational amplifiers as shown in 
Fig. 9 (which is a five-stage filter in the case of Fig. 9) . 
As a matter of course, any filter provided by the combinations 
of structures of Figs. 2, 5, 6, 7, 8, and 9 (not shown) or other 
filters having a structure including the other elements and 
having a similar function also may be used. 
[0033] A filter composed of Figs. 2, 5, 6, 7, 8, and 9 or a 
filter composed of a combination of these also may have an 
appropriate value of a resistance, capacitor, coil or the like 
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so that the gain is 1 or a value other than 1 as necessary. 
[0034] Next, a signal outputted from the HPF 507 is inputted 
to the LPF 508. As shown in Fig. 2, the LPF 508 is composed 
of the resistance R2, and the capacitor C2 and has a frequency 
characteristic in which a frequency component of an electric 
signal from the HPF 507 that is higher than the low-pass cutoff 
frequency flc is attenuated, as shown in Fig. 10. The low- 
pass cutoff frequency flc is calculated as shown below. 
[0035] 

flc = 1/(27CR2C2) (3) 

On the other hand, when assuming that the scanner in the probe 
1 has a scanning range X at the high-speed driving side and 
the probe 1 has an optical resolution r, then the required 
number of displayed pixels required for the high-speed driving 
side of the scanner to make one round trip when the imaging 
apparatus 4 has an A/D conversion for imaging is at least 2X/r. 
The reason why the scanning range is doubled is that a distance 
scanned during one cycle of the scanner high-speed driving side 
frequency fx goes and returns in the scanning range X. Thus, 
the sampling frequency fspl of A/D conversion at the imaging 
apparatus 4 can be calculated by multiplying the required 
number of displayed pixels during one round trip of the scanner 
high-speed driving side with the scanner high-speed driving 
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side frequency fx, which is represented as shown below. 
[0036] 

fspl = fx x (2X/r) = (2 x X x fx) /r (4) 

According to the sampling theorem, the output to the imaging 
apparatus 4 requires the low-pass cutoff frequency to be set 
a value to fspl/2 or lower. Thus, the low-pass cutoff frequency 
flc is as shown below. 
[0037] 

flc < fspl/2 = (X x fx)/r (5) 

By the above calculation, when the scanner has a scanning range 
of lOO^im, a high-speed driving side frequency fx of 500Hz, and 
an optical resolution of 0.5|Jm for example, then the values 
of the resistance R2 and the capacitor C2 of the formula (2) 
are determined such that the value of the low-pass cutoff 
frequency flc is lOOkH or lower from the formula (5) . 
[0038] When the scanner has a scanning range of lOOjlm, a 
high-speed driving side frequency fx of 3kHz, and an optical 
resolution of 0 . 5^lm for example, then the values of the 
resistance R2 and the capacitor C2 of the formula (2) are 
determined so that the value of the low-pass cutoff frequency 
flc is 600kH or lower from the formula (4). 
[0039] By the above-described LPF 508, noise by the high 
frequency component of the higher harmonic of the driving 
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frequency of the high-speed driving side of the scanner can 
be removed, for example. 

[0040] Although the LPF 508 in Fig. 2 is composed of the 
resistance R2 and the capacitor C2, the LPF 508 may also be 
composed of the resistance r and the coil L as shown in Fig. 
11. However , the low-pass cutoff frequency flc in this case 
is represented as shown below. 

[0041] flc = R/27CL (6) 

The LPF 508 in Fig. 3 also may be used to provide a two-stage 
filter as shown in Fig. 12 or a multistage filter having two 
or more stages (not shown) . As a matter of course, the structure 
of Fig. 11 may be a multistage filter having two or more stages . 
As a matter of course, the LPF 508 may be a multistage filter 
by a combination of a resistance and capacitor or the 
combination of a resistance and coil (not shown) . 
[0042] Instead of allowing a filter to be composed of passive 
elements such as a resistance, capacitor, and coil, the filter 
also may be an active filter using active elements such as an 
operational amplifier as shown in Fig. 13 . As a matter of course, 
the filter also may be composed of a resistance and capacitor 
or a resistance and coil (not shown) . 

[0043] In addition to the structure shown in Fig. 13, a 
resistance and capacitor also may be used to provide a 
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multistage filter as shown in Fig. 14 having two or more stages 
(not shown) . As a matter of course, a resistance and coil also 
may be used instead of a resistance and capacitor. 
[0044] Furthermore, the structures of Fig. 13 and Fig. 14 also 
may be combined to provide a multi-stage active filter as shown 
in Fig. 15 having a plurality of operational amplifiers 
(five-stage in the case of Fig. 15) . As a matter of course, 
any filter (not shown) conceivable by a combination of the 
structures of Figs. 2, 11, 12, 13, 14, and 15 or any filter 
including other elements and having a similar function also 
may be used. 

[0045] A filter composed of the structures of Figs. 2, 11, 12, 
13, 14, and 15 or the combination thereof also may have an 
appropriate value of a resistance, capacitor, coil or the like 
to set the gain having a value of 1 or other than 1 as necessary. 
[0046] Next, the tip end section 200 of the probe 1 will be 
described with reference to Fig. 16 to Fig. 19. 
[0047] The probe 1 has a columnar shape as shown in Fig. 16. 
The exterior of the probe 1 is composed of the tube 224 and 
the coil pipe 225 stored therein. The coil pipe 225 has therein 
the optical fiber 217 and the electric cable 218. The tip end 
section has the coil pipe stopper 226 to which the tip end 
section of the coil pipe 225 is adhered. The interior of the 
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coil pipe stopper 226 is filled with the insulation substance 
244 as shown by the shaded section of the drawing. The coil 
pipe stopper 226 is adhered with the guide pipe 227 and the 
tube 224 is fixed to them by the bobbin adhesion 228, as shown 
in the drawing. 

[0048] The structure and manufacturing method of the scanning 
mirror 232 will be described later. The scanning mirror 232 
is positioned as shown in the drawing via the cover glass 240 
and the lens 237 and is electrically connected via the wiring 
233, the substrate 234, the flexible substrate 235, the 
electric cable 218, and the signal line la to the control 
circuit 9 in the control apparatus 2. A conductive electric 
wire extending from the electric cable 218 to the flexible 
substrate 255 is covered with the insulation tube 236 as shown 
in the drawing. 

[0049] The scanning mirror 232 is fixed to the mirror glass 
stand 231, the interval tube 230, and the ferrule 229 for 
fixedly holding the tip end section of the optical fiber 217. 
However, the scanning mirror 232 does not have a contact with 
the taper-shaped tip end of the ferrule 229 that is integrally 
polished with the optical fiber 217 and there is a slight 
clearance therebetween. 

[0050] The lens 237 is adhered and fixed to the lens frame 238 
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and is fixed via the interval tube 239 to the mirror stand 231. 
Furthermore , the lens frame 238 is also fixed to the guide pipe 
227. Furthermore, the lens frame 238 is also fixed to the guide 
pipe 227. As shown in Fig. 16(b), the interval tube 239 has 
a cross-sectional structure as shown by the cross-sectional 
line A-A. 

[0051] The lens 237 has the mirror deposition section 245 in 
the vicinity of the center section. 

[0052] The tip end cover 241 is fixed via the interval tube 
242 to the lens frame 238. Furthermore, the tip end cover 241 
is also adhered and fixed to the guide pipe 227. The tip end 
cover 241 is fixed with the cover glass 240. Furthermore, 
electric cable 218 has a GND line that is connected via the 
signal line la to the GND of the control apparatus 2. This GND 
line is welded with the conductive coil pipe 225 composing the 
tip end section of the probe 1, the coil pipe stopper 226, the 
flexible substrate 235, the substrate 234, the interval tube 
230, the interval tube 239, the lens frame 238, the tip end 
cover 241, and the interval tube 242 at respective contact parts . 
These are all electrically conducted. The clearance between 
the tube 224 and the tip end cover 241 is filled with the 
adhesive agent 243. 

[0053] In the scanning mirror 232, the silicon substrate 250 
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is etched as shown in Fig. 17 to provide the concave section 
251. The back face is also etched to provide the concave section 
248 and the penetration hole 247. The plate 252 is adhered onto 
the silicon substrate and is insulated by the oxide layer on 
the substrate from the silicon substrate 250. Furthermore, 
after being appropriately masked, then the plate 252 has at 
the upper face the nitride film 253 that is etched so that a 
part required for the mirror section 249 is left. Fig. 18 shows 
the mirror section 249 at this time seen from the upper face. 
The shaded section in the drawing shows a part including no 
nitride film. 

[0054] Furthermore, the conductive layer is provided thereon 
as shown in Fig. 19 to manufacture the electrodes 254a, 254b, 
254c, and 254d, the mirror section 249, and the wiring 253a, 
253b, 253c, and 253d. These electrodes 254a and 254b also work 
as a mirror. Then, an appropriate etching is provided to remove 
a part not covered by the nitride film. At this time, both sides 
at the hinge sections 256 and 257 are under-etched to leave 
only the nitride film part, thereby allowing the center section 
255 around this part as shown in Fig. 19. A sinusoidal wave 
is applied to allow the above-described electrodes 254a and 
254b to have an inverted phase to each other so that the GND 
section formed in the concave section 248 is used to provide 
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a capacitor, thereby allowing the mirror section 249 to be 
resonantly driven in the X direction by an electrostatic force. 
The center section 255 also has at the center the center hole 
246. The electrodes 253a, 253b, 253c, and 253d are connected 
via the above-described electric cable 218 and the signal line 
la to the connector 11 of the control apparatus 2. 
[0055] Next, the operation of the optical system of the confocal 
light scanning probe apparatus will be described. The laser 
light from the LD 15 is supplied via the end section 8b, the 
fiber coupler 8, the end section 8a, the connector 17, the 
optical fiber lc, the connector 11, and the optical fiber lb 
to the core of the optical fiber 217. The light from the core 
of this optical fiber 217 passes through the penetration hole 
247 of the silicon mirror 250 and the center hole 246 of the 
mirror section 249 to travel toward the lens 237. This light 
is reflected by the mirror deposition section 245 of the surface 
of the lens 237 and then travels toward the mirror section 24 9 
of the scanning mirror 232 in an expanded manner, thereby being 
reflected by this. Then, this light is collected by the lens 
237 and is allowed to pass through the cover glass 240 to have 
a focal point. The reflected light from this focal point passes 
through the light path that is the same as that of the incident 
light in the opposite direction and then is allowed to have 
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a focal point at the core of the optical fiber 217, thereby 
being made incident to this. At this time, reflected light 
coming from parts other than the focal point 259 cannot pass 
through the light path that is the same as that of the incident 
light and a very small amount thereof can be made incident on 
the core of the optical fiber 217. Specifically, this core 
functions as a small pin hole has a resolution equal to that 
of a confocal microscope. 

[0056] Next, noise caused in the probe 1 will be described. 

[0057] In contrast with image information of an observed object 
scanned by the scanning mirror 232, the scattered light at the 
output end section of the optical fiber 217 and/or the 
directly-reflected light to the optical fiber 217 of the mirror 
deposition section 245 of the surface of the lens 237 almost 
becomes the noise of a direct current component that is 
transmitted to the PMT unit 16 and that is subjected to 
photoelectric conversion. 

[0058] Then, the HPF 507 of the above-described filter 
apparatus 501 is used to allow only a signal of a high frequency 
bandwidth component to pass therethrough to remove a direct 
current component so that the signal is converted . to an 
alternate current signal as shown in Fig. 4 (b) . This can remove 
most of the noise of the direct current component. The LPF 508 
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also can be used to allow only a signal of a low frequency 
bandwidth component to pass therethrough so that noise of a 
high frequency component such as a higher harmonic caused by 
the influence of the driving of the scanner is removed. 
[0059] Although the present embodiment provided the optical 
unit and the filter apparatus separately, another structure 
also may be provided in which they are united in an integrated 
manner. They can also be structured together with an imaging 
apparatus in an integrated manner. Another structure also may 
be provided in which at least two of a filter apparatus, an 
imaging apparatus, and optical unit are integrated. 
[0060] In this way, the present embodiment allows the filter 
apparatus to remove a direct current component noise by the 
scattered light at the fiber end section in the probe and/or 
the direct reflection light at the mirror deposition section 
of the lens surface. This provides a sharp observed image having 
less noise and excellent S/N. 

[0061] In particular, the scanner in the present embodiment 
has a relatively high resonant frequency at the high-speed 
driving side of 3kHz and thus an increased number of images 
per a unit time can be obtained. That is, the low speed driving 
side frequency is also high, the cutoff frequency of a high-pass 
filter circuit can be set high, and circuit elements to be 
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structured are selected easily, thereby allowing the scanner 
to be structured with a lower cost. 

[0062] Fig. 20 and Fig. 21 relate to the second embodiment of 
the present invention. Fig. 20 is a cross-sectional view shown 
for explaining an example of the structure of the tip end 
section of the probe of the confocal light scanning probe 
apparatus. Fig. 21 is a perspective view of the main section 
for explaining an example of the structure of the tip end 
section of the probe of Fig. 20. 

[0063] Since the second embodiment is almost the same as the 
first embodiment, only different points will be described. 
Structures the same as those in the first embodiment are 
provided with the same reference numerals and a description 
is omitted. 

[0064] The tip end section 300 of the probe 1A includes the 
scanning unit 305 as a light scanning means, the tip end cover 
unit 306, and the optical frame 307. The optical frame 307 is 
fixed to the tip end section of the outer tube 308 of the probe 
1A. 

[0065] The scanning unit 305 has the base 309 fixed to the 
optical frame 307. The base 309 is provided, in order not to 
move easily, to have a weight greater than that of the lens 
frame 314 and/or the objective lens 315 as a focusing means 
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as described later. 

[0066] The base 309 is fixed with the tip end section of the 
optical fiber 302. 

[0067] Both sides of the base 309 are adhered with the thin 
plates 310 . The thin plate 310 is adhered with the piezoelectric 
element 304 polarized at the rear thickness part. The 
piezoelectric element 304 is connected with the electric cable 
303 for driving the piezoelectric element 304. This electric 
cable 303 is connected via the interior of the tip end section 
300 of the probe 1A to the signal line la of Fig. 1 and is 
connected via the connector 11 to the control apparatus 2. 
[0068] The tip end section of the thin plate 310 is fixed to 
the intermediate member 311. The intermediate member 311 is 
fixed to two parallel thin plates 312a and 312b. The thin plates 
312a and 312b are adhered with the piezoelectric elements 313a 
and 313b. 

[0069] The tip ends. of the thin plates 312a and 312b are fixed 
with the lens frame 314. This lens frame 314 is fixed with the 
objective lens 315 and the ferrule 316 for fixedly holding the 
tip end section of the optical fiber 302. After being fixed 
to the ferrule 316, the tip end section 300 of the probe 1A 
of the optical fiber 302 is integrally polished with the ferrule 
316 to provide additional antiref lection film. The 
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piezoelectric elements 313a and 313b are connected via the 
electric cable 303 to the signal line la of Fig.- 1 and is 
connected via the connector 11 to the control circuit 15. 

[0070] The small displacement sensor 350 is adhered and fixed 
to the lens frame 314 and is electrically connected via the 
electric cable 303 and the signal line la to the control 
apparatus 2. The displacement sensor 350 recognizes, with 
regards to the position of the scanner in the X direction, the 
left end of a displayed image in the monitor 5 as a reference 
to output the maximum voltage at which the position of the 
scanner is at the farthest position, that is, the position at 
the right end of the image, thereby transmitting the voltage 
to the control circuit 15 in the control apparatus 2. 

[0071] The tip end cover unit 306 consists of the cover holder 
317 and the cover glass 318 fixed to the cover holder 317. The 
cover holder 317 is fixed to the tip end section of the optical 
frame 307. 

[0072] The structure as described above seals the tip end 
section 300 of the probe 1A. 

[0073] The operation of the confocal light scanning probe 
apparatus using such a probe 1A will be described with reference 
to Fig. 1, Fig. 20, and Fig. 21. 

[0074] The laser light from the LD 15 is transmitted via the 
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end section 8b, the 4-terminal coupler 8, the end section 8a, 
the connector 17, the optical fiber 1c, the connector 11, and 
the optical fiber lb to the tip end section 300 of the probe 
1A and is outputted from the tip end face of the tip end section 
300 of the probe 1A toward the objective lens 315. 
[0075] In this case, the tip end section of the optical fiber 
302 is fixed to the ferrule 316 and is integrally polished and 
has at the polished end face an antiref lection film. The optical 
fiber 302 has at the end face a very small amount of reflected 
light. 

[0076] The electric cable 303 has a ground line connected via 
the signal line la to the ground of the control apparatus 2. 
The ground line and the optical frame 307, the base 309, and 
the cover holder 317 which are a conductive section in the tip 
end section 300 of the probe 1A are welded at each contact part 
and they are all electrically conducted. 

[0077] The light generated from the core 321 of the end face 
of the optical fiber 302 is collected by the objective lens 
315 and passes through the cover glass 318, thereby providing 
the focal point 323 in the interior of the observed object 332. 
[0078] The reflected light coming from parts other than this 
focal point 323 passes through the light path that is the same 
as that of the incident light in the opposite direction and 
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a very small part thereof can be made incident again on the 
core 321 of the optical fiber 302. This core 321 functions as 
a small pin hole to have a resolution equal to that of a conf ocal 
microscope. When the control circuit 9 in the control apparatus 
2 in this status is operated, then a driving signal from the 
control circuit 9 is transmitted via the signal line 9b, the 
connector 11, the signal line la, and the electric cable 303 
to the piezoelectric element 304 and the piezoelectric elements 
313a and 313b. This allows the piezoelectric element 304 and 
the piezoelectric elements 313a and 313b to have expansion and 
contraction depending on a voltage. Then, the piezoelectric 
element 304 is provided on the thin plate 310 while the 
piezoelectric elements 313a and 313b are provided on the thin 
plates 312a and 312b, respectively, and thus they operate to 
bend the thin plate 310 and the thin plates 312a and 312b. 
[0079] Specifically, when the piezoelectric elements 313a and 
313b are applied with sinusoidal waves having inverted phases 
to each other, then lens frame 314 vibrates. This causes the 
objective lens 315 and the tip end section of the optical fiber 
302 to move and the position of the focal point 323 of the laser 
light is scanned in the X direction (see Fig. 20) . In this case, 
the driving with a resonant frequency of this scanner system 
provides a large displacement. 
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[0080] On the other hand, when the control circuit 9 is used 
to cause the piezoelectric element 304 to have expansion and 
contraction, then the position of the focal point 323 of the 
laser light is scanned in the Y direction vertical to the X 
direction. In this case, the vibration frequency in the Y 
direction is made sufficiently slower than the scan frequency 
in the X direction, thereby allowing the focal point 323 to 
be subjected to raster scanning. In accordance with this, 
reflected light at each point of the scanned face 324 is 
transmitted by the optical fiber 302. 

[0081] Using such a probe 1A instead of the above-described 
first embodiment makes possible the confocal light scanning 
probe apparatus. 

[0082] Next, noise caused in the probe 1A will be described. 
[0083] Although the probe 1A does not include a fixed reflector 
as in the case of the mirror deposition section 245 of the probe 
1 described in the above-described first embodiment, the probe 
1A includes noise of almost a direct current component due to 
the fact that the scattered light at the output end section 
of the optical fiber 302 again returns to the optical fiber 
302 . The noise is transmitted to the PMT unit 16 and is subjected 
to photoelectric conversion. 

[0084] To prevent this, the above-described HPF 507 of the 
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filter apparatus 501 is used to allow only a signal of a high 
frequency bandwidth component to pass therethrough to remove 
a direct current component so that the signal is converted to 
an alternate current signal as shown in Fig. 4(b).. This can 
remove most of the noise of the direct current component. The 
LPF 508 also can be used to allow only a signal of a low frequency 
bandwidth component to pass therethrough to reduce the noise 
of a high frequency component caused by driving of the scanner 
such as a higher harmonic. 

[0085] In this way, the present embodiment uses the filter 
apparatus to remove the direct current component noise caused 
by the scattered light at the fiber end section in the probe. 
This can provide a sharp observed image having less noise and 
good S/N. 

[0086] In particular, the scanner in the present embodiment 
has a low high-speed driving side resonant frequency of about 
500Hz. This can allow a cutoff frequency of the low-pass filter 
circuit to.be set lower, and circuit elements to be structured 
are selected easily, thereby allowing the scanner to be 
structured with a lower cost. 
[0087] 

[Effects of the Invention] As described above, the present 
invention provides an effect in. which a sharp observed image 
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having less noise and good S/N can be obtained. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A block diagram illustrating the structure of the 
confocal light scanning probe apparatus according to the first 
embodiment of the present invention. 

[Fig. 2] A structure diagram illustrating the structure of the 
filter apparatus of Fig. 1. 

[Fig. 3] A diagram illustrating the frequency characteristic 
of the HPF of Fig. 2. 

[Fig. 4] A diagram for explaining the operation of the HPF of 
Fig. 2. 

[Fig. 5] A diagram illustrating the structure of the first 
modification example of the HPF of Fig. 2. 

[Fig. 6] A diagram illustrating the structure of the second 
modification example of the HPF of Fig. 2. 

[Fig. 7] A diagram illustrating the structure of the third 
modification example of the HPF of Fig. 2. 

[Fig. 8] A diagram illustrating the structure of the fourth 
modification example of the HPF of Fig. 2. 

[Fig. 9] A diagram illustrating the structure of the fifth 
modification example of the HPF of Fig. 2. 

[Fig. 10] A diagram illustrating the frequency characteristic 
of the LPF of Fig. 2. 
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[Fig. 11] A diagram illustrating the structure of the first 
modification example of the LPF of Fig. 2. 

[Fig. 12] A diagram illustrating the structure of the second 
modification example of the LPF of Fig. 2. 

[Fig. 13] A diagram illustrating the structure of the third 
modification example of the LPF of Fig. 2. 

[Fig. 14] A diagram illustrating the structure of the fourth 
modification example of the LPF of Fig. 2. 

[Fig. 15] A diagram illustrating the structure of the fifth 
modification example of the LPF of Fig. 2. 

[Fig. 16] A cross-sectional view illustrating the tip end 
section of the probe of Fig. 1. 

[Fig. 17] A cross-sectional view illustrating the structure 
of the scanner of the probe of Fig. 16. 

[Fig. 18] A plain view illustrating the structure of the scanner 
of Fig. 17. 

[Fig. 19] A plain view illustrating a detailed structure of 
the scanner of Fig. 17. 

[Fig. 20] A cross-sectional view shown for explaining the tip 
end section of the probe of the confocal light scanning probe 
apparatus according to the second embodiment of the present 
invention. 

[Fig. 21] A perspective view of the main section for explaining 
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an example of the structure of the tip end section of the probe 
of Fig. 20. 

[Description of Symbols] 

I, 1A Probe 

2 Control apparatus 

3 Optical unit 

4 Imaging apparatus 

5 Monitor 

7 External clock generator 

8 4-terminal coupler 

9 Control circuit 

II, 13, 17, 18, 19, 24, 25, 26 Connector 

15 LD 

16 PMT unit 

501 Filter apparatus 

502, 503, 504, 505 Connector 

506 Filter circuit 

507 HPF 

508 LPF 
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